###### Strengths and limitations of this study

-   We analysed comprehensive echocardiographic parameters including left ventricular (LV) global longitudinal strain, LV ejection fraction and LV geometry according to sex to investigate the obesity paradox in heart failure (HF).

-   This study collected a variety of demographic data and medical history and performed sensitivity analyses to reduce possible biases.

-   Echocardiographic images were transferred to the strain core laboratory, and strain measurements were conducted by independent observers blinded to participants' clinical information and the study design.

-   We used body mass index as a parameter of obesity for analyses, but did not assess body fat mass or cardiopulmonary fitness.

-   This is a cohort study, although a large one, in which unmeasured confounding is an inherent limitation.

Introduction {#s1}
============

There is a consensus that efforts to prevent and treat obesity are needed to reduce the heart failure (HF) burden for patients and society.[@R1] Regarding the association of obesity with prognosis in patients with HF, however, substantial data have demonstrated counterintuitive finds, the so-called 'obesity paradox', where overweight-to-obese (OW) patients with HF have more favourable outcomes.[@R2] Increasing attention has been paid to whether the obesity paradox exists in the overall HF population, and whether this phenomenon is confined to specific subgroups,[@R4] since the answers to these questions have important implications for the value of intentional weight loss to improve prognosis.

The effect of left ventricular (LV) systolic function on the obesity paradox has been widely explored, as it is an important predictor of survival in HF, but with contradicting results.[@R4] These controversial findings might be explained by the method used to assess LV systolic function in previous studies (LV ejection fraction, LV-EF).[@R4] Considering that alterations in LV wall thickness and/or volume compensate for impaired LV shortening, LV-EF, a volume-based parameter, cannot accurately reflect LV systolic function in patients with abnormal LV geometry.[@R7] Since obesity is frequently associated with adverse LV remodelling,[@R3] the prognostic value of LV-EF in obese patients could be confounded by LV geometrical patterns. Given that LV strain, an index of myocardial deformation, reflects LV systolic function better than LV-EF in the presence of geometrical confounders,[@R7] it may provide superior prognostic information to LV-EF in obese patients.

Hence, we hypothesised that the obesity paradox in HF would be present in patients with preserved LV systolic function, but not in those with impaired LV systolic function, as stratified by the values of the LV strain. We also postulated that, as suggested previously,[@R5] there might be a sex-related difference in the obesity paradox of HF, especially LV strain is considered together with sex. Additionally, we investigated the effect of metabolically healthy obesity on prognosis in patients with HF in the hope of paving the way for future therapeutic implications of managing metabolic abnormalities.

Methods {#s2}
=======

Study design and participants {#s2-1}
-----------------------------

The STrain for Risk Assessment and Therapeutic Strategies in patients with Acute Heart Failure registry protocol has been previously described.[@R11] Briefly, from January 2009 through December 2016, we recruited 4312 consecutive patients hospitalised for acute HF from three tertiary university hospitals. Inclusion criteria were patients who had compatible symptoms and signs of HF and at least one of the following: (1) Pulmonary oedema defined as rales on physical examination or congestion on chest radiography. (2) Objective findings of LV systolic dysfunction or structural heart disease. The lack of data on LV global longitudinal strain (GLS) was a main exclusion criterion; echocardiography was performed in 4237 (98.3%) patients, and LV-GLS was measured in 4088 subjects (96.4%). Patients without body mass index (BMI) data (n=130) were also excluded. We further excluded underweight participants (BMI \<18.5 kg/m^2^) (n=394), based on previous studies suggesting that underweight subjects might confound the association between obesity and mortality.[@R12] The final sample was 3564 patients. This study complied with the Declaration of Helsinki. The need for written informed consent was waived.

Data collection {#s2-2}
---------------

BMI was calculated as body weight divided by height squared (kg/m^2^) on admission. The WHO classification for Asian populations was used to categorise patients according to their obesity status;[@R14] the normal-weight (NW) group was defined as patients with BMI of 18.5--22.9 kg/m^2^ and OW group as those with BMI ≥23 kg/m^2^ (overweight as BMI 23.0--24.9 kg/m^2^ and obese as BMI ≥25.0 kg/m^2^). Hypertension was defined by the presence of elevated systolic (≥140 mm Hg) and/or diastolic (≥90 mm Hg) blood pressure, a history of hypertension or the use of antihypertensive agents. Diabetes mellitus was defined by the presence of elevated fasting glucose level (≥126 mg/dL), a history of diabetes mellitus or the use of antidiabetic agents. Dyslipidaemia was defined by the presence of elevated serum total cholesterol (≥200 mg/dL), a history of dyslipidaemia or the use of cholesterol-lowering medications. In this study, the metabolically healthy subgroup was defined as patients without any hypertension, diabetes mellitus and dyslipidaemia.

The primary outcome was all-cause mortality. Mortality data were obtained and verified via the centralised database of national death records.

Echocardiographic and strain analysis {#s2-3}
-------------------------------------

Echocardiographic examinations were performed according to an established guideline.[@R15] LV geometry was classified as normal, concentric remodelling, concentric hypertrophy or eccentric hypertrophy as previously described.[@R16] Echocardiographic images were transferred to the strain core laboratory for strain analysis, and strain analysis was performed as previously described.[@R11] As LV-GLS is a negative value, the absolute value \|x\| was used for simpler interpretation. All strain measurements were conducted by independent observers blinded to participants' clinical information and the study design. The median LV-GLS (10.1%) was used to stratify patients.

Statistical analysis {#s2-4}
--------------------

For descriptive statistics, data were presented as numbers and relative frequencies for categorical variables and as mean±SD for continuous variables. Data of B-type natriuretic peptide (BNP) and N-terminal proBNP (NT-proBNP) were presented as median with IQR due to their skewed distribution. For the comparison between groups, the χ^2^ test or Fisher's exact test was used for categorical variables as appropriate, and the unpaired Student's *t*-test was applied for continuous variables. For survival analyses, we performed Kaplan-Meier and Cox proportional hazards regression analyses. The chronological trend of all-cause mortality was expressed as Kaplan-Meier estimates with log-rank test to compare survival between groups. Cox proportional hazards regression models were used to determine effects of BMI on all-cause mortality while adjusting for potential confounders. Testing of validity of proportional hazards assumption was performed using Schoenfeld residuals. We included variables associated with mortality with a value of *p*\<0.05 in univariate analysis and as covariates in multivariate analysis. The association between BMI and mortality was assessed by the Cox regression model, and non-linearities were explored using multivariable fractional polynomials.[@R16] For all-cause mortality, sex-specific subgroup and interaction-term analyses were performed to explore potential effect modifiers. In sensitivity analyses, a propensity-score-matched population was selected using the nearest neighbour method without replacement to adjust for uneven distribution of baseline characteristics.

Two-sided values of *p*\<0.05 were considered statistically significant. Statistical tests were performed using STATA software (V.12, Stata Corp).

Patient and public involvement {#s2-5}
------------------------------

The participants were not involved in the development of the research question, outcome measures, design, recruitment and conduct of this study.

Results {#s3}
=======

Baseline characteristics {#s3-1}
------------------------

[Table 1](#T1){ref-type="table"} summarises baseline characteristics of 3564 study subjects by obesity status and sex. The proportions in the NW and OW groups were 43.3% and 56.7%, respectively. Among the OW group, 39.6% were overweight and 60.4% were obese. The values of LV-GLS and LV-EF and the proportion of concentric LV remodelling/hypertrophy were significantly higher in OW than NW patients. When stratified by both obesity status and sex, OW women had significantly higher LV-GLS values than their male counterparts (p\<0.001).

###### 

Baseline characteristics

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                          Total\               NW group             OW group                                                                        
                                          (n=3564)                                                                                                                  
  --------------------------------------- -------------------- -------------------- -------------------- -------------------- ------------------ ------------------ ------------------
  **Demographics**                                                                                                                                                  

  Age (years)\*                           70.0±13.7            72.1±13.3            71.1±12.8            73.2±13.8            68.4±13.9          65.2±13.9          72.5±12.6

  Body mass index (kg/m^2^)\*             24.0±3.6             21.0±1.2             21.1±1.2             20.9±1.3             26.4±3.0           26.2±2.9           26.6±3.0

  **Medical history**                                                                                                                                               

  Hypertension\*                          2102 (59.0)          828 (53.7)           425 (51.9)           403 (55.7)           1274 (63.0)        657 (58.5)         617 (68.8)

  Diabetes mellitus\*                     1266 (35.5)          479 (31.0)           266 (32.5)           213 (29.4)           787 (38.9)         449 (39.9)         338 (37.7)

  Chronic heart failure                   1314 (36.9)          588 (38.6)           321 (39.9)           267 (37.1)           726 (36.4)         419 (37.9)         307 (34.7)

  Ischaemic heart disease                 1182 (33.2)          516 (33.4)           307 (37.5)           209 (28.9)           666 (33.0)         406 (36.1)         260 (29.0)

  Atrial fibrillation                     1048 (29.4)          436 (28.7)           224 (27.9)           212 (29.6)           612 (30.7)         329 (29.7)         283 (31.9)

  **Physical examination**                                                                                                                                          

  SBP (mm Hg)\*                           129.5±27.1           127.4±26.2           126.4±25.8           128.4±26.7           131.2±27.7         129.9±27.7         132.7±27.7

  DBP (mm Hg)\*                           74.7±16.8            73.5±16.1            74.2±16.1            72.8±16.1            75.6±17.2          75.2±16.5          76.0±17.9

  **NYHA class**                                                                                                                                                    

  I/II                                    200 (8.4)            83 (8.0)             46 (8.1)             37 (7.8)             117 (8.7%)         68 (9.3)           49 (8.0)

  III                                     1297 (54.3)          564 (54.2)           313 (55.4)           251 (52.7)           733 (54.4%)        397 (54.1)         336 (54.7)

  IV                                      892 (37.3)           394 (37.8)           206 (36.5)           188 (39.5)           498 (36.9%)        269 (36.6)         229 (37.3)

  **Laboratory findings**                                                                                                                                           

  Haemoglobin (mg/dL)\*                   12.2±2.4             12.0±2.3             12.6±2.4             11.4±2.0             12.4±2.4           12.9±2.5           11.7±2.0

                                                                                                                                                                    

  Creatinine (mg/dL)                      1.6±1.8              1.6±1.9              1.9±2.0              1.4±1.8              1.6±1.7            1.7±2.0            1.3±1.2

  BNP (pg/mL)\*                           978.0\               1044.0\              1144.0\              1011.5\              873.0\             864.0\             878.5\
                                          (463.0--2012.0)      (531.0--2615.0)      (555.0--2618.0)      (501.3--2593.8)      (383.5--1726.0)    (334.0--1714.5)    (421.3--1729.3)

  NT-proBNP (pg/mL)\*                     4267.0\              5612.5\              5666.0\              5571.0\              3324.0\            3045.2\            3639.2\
                                          (1594.2--10 069.0)   (2163.0--13 708.6)   (2184.7--13 028.9)   (2094.8--14 441.7)   (1264.5--7673.5)   (1264.8--7004.3)   (1257.0--8590.8)

  **Echocardiographic data**                                                                                                                                        

  LA diameter\*                           45.4±9.5             44.4±9.9             45.2±10.2            43.6±9.6             46.2±9.0           47.0±9.0           45.2±9.0

  E/e'\*                                  19.0±11.1            20.0±12.7            18.9±13.3            21.1±11.8            18.3±9.7           17.7±9.3           18.9±10.2

  LV-EF (%)                               40.4±15.6            38.9±15.2            35.9±14.6            42.4±15.1            41.6±15.8          38.0±15.2          46.1±15.4

  HF phenotype\*                                                                                                                                                    

   HFrEF                                  1874 (52.6)          870 (56.4)           538 (65.7)           332 (45.9)           1004 (49.7%)       663 (59.0)         341 (38.0)

   HFmrEF                                 552 (15.5)           238 (15.4)           108 (13.2)           130 (18.0)           314 (15.5%)        173 (15.4)         141 (15.7)

   HFpEF                                  1138 (31.9)          435 (28.2)           173 (21.1)           262 (36.2)           703 (34.8%)        288 (25.6)         415 (46.3)

  LV-GLS (%)†                             10.8±5.0             10.5±5.0             9.8±4.8              11.3±5.0             11.0±5.0           10.4±4.8           11.9±5.2

  LV geometry\*                                                                                                                                                     

   Normal geometry                        238 (7.2)            72 (5.0)             58 (7.8)             14 (2.1)             166 (8.8)          133 (12.8)         33 (3.9)

   Concentric remodelling                 186 (5.6)            42 (2.9)             30 (4.0)             12 (1.8)             144 (7.7)          104 (10.0)         40 (4.8)

   Concentric hypertrophy                 1068 (32.3)          422 (29.6)           176 (23.5)           246 (36.2)           646 (34.4)         284 (27.2)         402 (\$8.0)

   Eccentric hypertrophy                  1815 (54.9)          891 (62.4)           484 (64.7)           407 (59.9)           924 (49.1)         522 (50.0)         362 (43.2)

  **Medication at discharge**                                                                                                                                       

  β blocker\*                             2194 (61.6)          886 (58.1)           463 (57.6)           423 (58.8)           1308 (65.7%)       729 (65.9)         579 (65.4)

  RAS inhibitor†                          2480 (69.6)          1042 (68.4)          550 (68.4)           492 (68.3)           1438 (72.2%)       816 (73.8)         622 (70.3)

  Mineralocorticoid receptor antagonist   1601 (44.9)          672 (44.1)           330 (41.0)           342 (47.5)           929 (46.7%)        531 (48.0)         398 (45.0)
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Values given as number (percentage), mean±SD or median (IQR) unless otherwise indicated.

HF phenotypes are defined as follows: HFrEF if the LV-EF is \<40%, HFmrEF if the LV-EF is between 40% and 49%, and HFpEF if the LV-EF is ≥50%.

\*p\<0.001 (between NW and OW groups).

†p\<0.01 (between NW and OW groups).

DBP, diastolic blood pressure; EF, ejection fraction; GLS, global longitudinal strain; HF, heart failure; HFmrEF, heart failure with mid-range ejection fraction; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; LA, left atrial; LV, left ventricular; NW, normal weight; NYHA, New York Heart Association; OW, overweight-to-obese; RAS, renin-angiotensin system inhibitor; SBP, systolic blood pressure.

We matched 2978 patients on the propensity score, and their baseline characteristics were balanced without any significant difference ([online supplementary table 1](#SP1){ref-type="supplementary-material"}).
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Distribution of LV-GLS and death rates according to obesity status and LV geometry {#s3-2}
----------------------------------------------------------------------------------

When we assessed the proportion of each LV geometrical pattern by obesity status, normal geometry and concentric remodelling/hypertrophy was more prevalent in OW (8.8% and 42.0%) than in NW patients (5.0% and 32.5%), but eccentric hypertrophy was less frequently observed in OW (49.1%) than NW patients (62.4%) ([online supplementary figure 1A](#SP1){ref-type="supplementary-material"}). Compared with patients with normal LV geometry (NW group: LV-GLS 12.5; OW group: 12.6), the mean LV-GLS was similar in patients with concentric remodelling/hypertrophy (NW group: LV-GLS 12.2, p=0.675; OW group: 12.1, p=0.217) and significantly lower in those with eccentric hypertrophy (NW group: LV-GLS 9.6; OW group: 10.1, p\<0.001, all), regardless of obesity status ([online supplementary figure 1B](#SP1){ref-type="supplementary-material"}). The LV-GLS value measured in the eccentric hypertrophy subgroup was significantly higher in OW patients than in NW patients (10.1 vs 9.6, p=0.030), whereas that measured in the normal and concentric remodelling/hypertrophy subgroups did not significantly differ between the groups. The mortality rate increased gradually, being lowest in patients with normal geometry, higher in patients with concentric remodelling/hypertrophy and highest in patients with eccentric hypertrophy. It was lower in OW (21.1%, 32.2% and 37.2%) than NW patients (29.2%, 43.6% and 46.6%) across all LV geometrical patterns ([online supplementary figure 1C](#SP1){ref-type="supplementary-material"}).

Association between BMI and mortality {#s3-3}
-------------------------------------

The mortality risk decreased as BMI increased in study subjects, which was in accordance with the obesity paradox ([online supplementary figure 2A](#SP1){ref-type="supplementary-material"}). A similar association was observed in subgroups classified by the LV geometrical pattern ([online supplementary figure 2B,D](#SP1){ref-type="supplementary-material"}). The association of higher BMI with lower mortality was found regardless of sex, although the slope of this relationship was significantly flatter in women than in men (p-interaction \<0.001) ([online supplementary figure 2E](#SP1){ref-type="supplementary-material"}). In subgroup analyses stratified by LV-GLS, there was no significant interaction between LV-GLS and BMI for mortality (p-for interaction=0.493) ([online supplementary figure 2F](#SP1){ref-type="supplementary-material"}).

Mortality for overall patients and subgroups {#s3-4}
--------------------------------------------

Among overall patients, 1392 (39.1%) died during a median follow-up of 33.7 months (IQR, 13.7--55.5). The LV-GLS value was significantly lower in deceased patients than survivors (9.9±4.8 vs 11.4±5.0, p\<0.001) but LV-EF was not (40.8±15.6 vs 39.9±15.5, p=0.100) ([online supplementary table 2](#SP1){ref-type="supplementary-material"}).

In the NW group, women had significantly higher survival rates than men (log-rank p=0.013), while in the OW group, there was no significant sex-related difference in survival (log-rank p=0.446) ([figure 1A](#F1){ref-type="fig"}). When we classified patients into two subgroups by the median LV-GLS, patients with low LV-GLS had significantly higher mortality in the NW (log-rank p\<0.001) and OW groups (log-rank p\<0.001) ([figure 1B](#F1){ref-type="fig"}). LV-EF did not stratify the mortality risk in either group ([online supplementary figure 3A,B](#SP1){ref-type="supplementary-material"}). When stratified by LV geometry and obesity status, survival was highest in patients with normal geometry in the NW and OW groups ([Figure 1C](#F1){ref-type="fig"} and [online supplementary figure 3C,D](#SP1){ref-type="supplementary-material"}). The survival rate was lowest in patients with eccentric hypertrophy, but its difference with concentric remodelling/hypertrophy became less marked over time and similar after a follow-up of 60 months in the NW group ([online supplementary figure 3C](#SP1){ref-type="supplementary-material"}) and 80 months in the OW group ([online supplementary figure 3D](#SP1){ref-type="supplementary-material"}). The mortality risk was significantly lower in patients with metabolically healthy obesity than those with metabolically unhealthy obesity ([online supplementary figure 3F](#SP1){ref-type="supplementary-material"}), and a smaller but significant increase in mortality risk was noted in NW patients with metabolic abnormalities compared with those without ([online supplementary figure 3E](#SP1){ref-type="supplementary-material"}). Similar results were found in sensitivity analyses with the propensity-score-matched population ([online supplementary figure 4](#SP1){ref-type="supplementary-material"}).

![Kaplan-Meier curves demonstrating the mortality risk by sex (A), LV-GLS (B) or LV geometry (C) in two subgroups stratified by obesity status. GLS, global longitudinal strain; LV, left ventricle; NW, normal weight; OW, overweight-to-obese.](bmjopen-2019-031608f01){#F1}

[Table 2](#T2){ref-type="table"} presents the results from the Cox models. BMI was significantly associated with mortality in both univariate analysis (0.929, 95% CI 0.914 to 0.944, p\<0.001) and multivariate analysis (0.954, 95% CI 0.937 to 0.971, p\<0.001). In multivariate analyses, LV-GLS was a significant independent determinant for mortality (HR 0.943, 95% CI 0.932 to 0.954, p\<0.001). Conversely, LV-EF did not remain a significant predictor for mortality in multivariate analysis, although significant in univariate analysis (HR 0.995, 95% CI 0.992 to 0.999, p=0.006). Age, sex and BMI were independent significant predictors of mortality. Similar results were found when analyses were performed separately in men and women ([online supplementary table 3](#SP1){ref-type="supplementary-material"}). In both men and women, BMI was a significant predictors of mortality in univariate analyses (HR 0.902, 95% CI 0.881 to 0.924, p\<0.001 for male; HR 0.956, 95% CI 0.935 to 0.979, p\<0.001 for female) as well as multivariate analyses (HR 0.939, 95% CI 0.914 to 0.963, p\<0.001 for male; HR 0.967, 95% CI 0.945 to 0.990, p\<0.001 for female).

###### 

Cox-proportional hazards regression analysis for all-cause mortality

                               Unadjusted   Adjusted\*                                          
  ---------------------------- ------------ ---------------- --------- ------- ---------------- ---------
  All patients (n=3564)                                                                         
   Body mass index (kg/m^2^)   0.929        0.914 to 0.944   \<0.001   0.954   0.937 to 0.971   \<0.001
  Men (n=1943)                                                                                  
   Body mass index (kg/m^2^)   0.902        0.881 to 0.924   \<0.001   0.939   0.914 to 0.963   \<0.001
  Women (n=1621)                                                                                
   Body mass index (kg/m^2^)   0.956        0.935 to 0.979   \<0.001   0.967   0.945 to 0.990   0.006

\*Multivariate-adjusted HR was calculated after adjustment for age, sex, body mass index, diastolic blood pressure, diabetes mellitus, ischaemic heart disease, LV ejection fraction, LV global longitudinal strain, β-blocker, RAS inhibitor and MR antagonist.

LV, left ventricular; MR, mineralocorticoid receptor; RAS, renin-angiotensin system inhibitor.

Risk stratification {#s3-5}
-------------------

In multivariate analyses, there was an independent association of sex and BMI with mortality ([figure 2A](#F2){ref-type="fig"}). The highest mortality was noted among NW men, followed by NW women and OW men, while the lowest mortality was found in OW women. When we stratified patients into four subgroups according to LV-GLS and BMI, there was a graded, independent association between the mortality risk and the presence of lower BMI and/or LV-GLS ([figure 2B](#F2){ref-type="fig"}). OW patients with high LV-GLS were at the lowest mortality risk (reference), and NW patients with high LV-GLS, OW patients with low LV-GLS and NW patients with low LV-GLS were at progressively higher risk (*p* trend \<0.001). The difference between OW patients with low LV-GLS and NW patients with high LV-GLS was not significant. When stratified by LV geometrical patterns, the mortality risk was highest among NW patients with abnormal LV geometry compared with the other groups ([figure 2C](#F2){ref-type="fig"}). Metabolically unhealthy NW patients had the highest mortality, followed by metabolically unhealthy OW patients, metabolically healthy NW patients and metabolically healthy OW patients ([online supplementary figure 5](#SP1){ref-type="supplementary-material"}).

![Forest plots of adjusted HRs depicting mortality in four subgroups categorised by BMI and sex (A), LV-GLS (B) or LV geometry (C). HRs were adjusted for the independent variables shown in [table 2](#T2){ref-type="table"}. BMI, body mass index; GLS, global longitudinal strain; LV, left ventricle; NW, normal weight; OW, overweight-to-obese.](bmjopen-2019-031608f02){#F2}

Sex-specific subgroup analyses {#s3-6}
------------------------------

[Figure 3](#F3){ref-type="fig"} shows the association of BMI, per 1 kg/m^2^ increment, with mortality in men and women. In men, a greater BMI was related to favourable survival across all subgroups within HF ([figure 3A](#F3){ref-type="fig"}). However, in women, significant heterogeneity was found when examined as a function of LV-GLS or age ([figure 3B](#F3){ref-type="fig"}); the protective association of BMI with mortality was confined to women with high LV-GLS or elderly patients.

![Forest plots of adjusted HRs for the relationship of BMI, per 1 kg/m^2^ increment as a continuous variable, with all-cause mortality in men (A) and women (B). The HR within each stratum was adjusted for the independent variables shown in [table 2](#T2){ref-type="table"}. BMI, body mass index; EF, ejection fraction; GLS, global longitudinal strain; LV, left ventricle](bmjopen-2019-031608f03){#F3}

Discussion {#s4}
==========

The main findings of our study were as follows: (1) Compared with NW patients, OW patients had a smaller proportion of eccentric LV hypertrophy and better myocardial function and a lower morality rate. (2) In the overall population, the obesity paradox in HF was present irrespective of LV-GLS and LV geometry, with a steeper association among patients with high LV-GLS than those with low LV-GLS. (3) In women, a significant interaction was found between BMI and age or LV-GLS for mortality. (4) There was a stepwise, independent association between mortality and the presence of lower BMI and/or LV-GLS. (5) Metabolically healthy obese patients had better survival than metabolically unhealthy obese patients.

Importance of accurate assessment of LV systolic function for research on the obesity paradox in HF {#s4-1}
---------------------------------------------------------------------------------------------------

Although obesity adversely affects LV structure and function in subjects without overt cardiovascular diseases (CVDs),[@R17] it is paradoxically associated with improved prognosis in patients with HF.[@R8] Several studies have suggested that the obesity paradox seems confined to certain subgroups of HF.[@R4] This concept has important clinical implications because it can be translated into more individualised treatment strategies for HF by identifying specific subgroups of patients with HF who benefit from different therapeutic approaches, such as weight reduction versus nutritional interventions. However, a previous study showed that the obesity paradox was not present in patients with preserved LV-EF,[@R4] while another study demonstrated that it was observed in those with preserved and reduced LV-EF.[@R6] These contradicting results may stem from the limitation of LV-EF to assess LV systolic function in obese populations. The value of LV-EF as a measure of LV systolic function has been questioned in patients with concentrically remodelled LV.[@R7] Further, obese patients had a distinct phenotype of HF with preserved EF, including greater concentric LV remodelling.[@R19] The prognostic value of LV-EF can be reduced when the study population includes a sizeable proportion of obese patients. Although the LV-GLS value in OW patients with eccentric hypertrophy was lowest among the four groups of OW patients, it was significantly higher than NW patients with eccentric hypertrophy. Compared with NW patients with HF, OW patients had a significantly lower proportion of eccentric hypertrophy, for which the mortality rate is very high. These findings raise the possibility that the much lower overall mortality observed in OW patients with HF may be partially due to more preservation of myocardial function and less prevalence of eccentric hypertrophy in this population. Important differences and new findings of our study in comparison with previous ones are summarised in [table 3](#T3){ref-type="table"}.

###### 

Differences and new findings of the current study in comparison with previous studies

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                         Study population                 LV function measurements   Assessment of LV geometry   Obesity definition   Sex-specific analysis   FU duration          Primary end point     Outcomes
  ---------------------- -------------------------------- -------------------------- --------------------------- -------------------- ----------------------- -------------------- --------------------- -----------------------------------------------------------------------------------------------------------------------------------------------------
  Park *et al* (ours)    3564 patients with acute HF      **LV-GLS and LV-EF**       **Yes**                     BMI (kg/m^2^)        **Yes**                 Median 33.7 months   All-cause mortality   **In women, obesity paradox was confined to older patients and those with higher LV-GLS, while in men, obesity paradox was consistently observed.**

  Shah *et al* [@R4]     6142 patients with acute HF      LV-EF only                 No                          BMI (kg/m^2^)        No                      30 days and 1 year   All-cause mortality   Obesity paradox was not present in patients with HFpEF.

  Vest *et al* [@R5]     3811 patients with HFrEF         LV-EF only                 No                          BMI (kg/m^2^)        Yes                     Median 6.2 years     All-cause mortality   Overweight and obese men had higher mortality, while overweight women showed survival benefit.

  Padwal *et al* [@R6]   23967 patients with chronic HF   LV-EF only                 No                          BMI (kg/m^2^)        No                      Up to 3 years        All-cause mortality   The obesity paradox was present in both those with reduced and preserved LV systolic function.

  Tsujimoto\             3310 patients with HFpEF         None                       No                          WC (cm)              No                      Mean 3.4 years       All-cause mortality   The risk of all-cause mortality was significantly higher in patients with HFpEF with abdominal obesity.
  *et al* [@R25]                                                                                                                                                                                         
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Key differences and new findings are highlighted in **bold**.

BMI, body mass index; EF, ejection fraction; FU, follow-up; GLS, global longitudinal strain; HF, heart failure; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; LV, left ventricular; WC, waist circumference.

Impact of LV geometry on the obesity paradox in HF {#s4-2}
--------------------------------------------------

Although LV-GLS values were similar between patients with normal LV geometry and those with concentric remodelling/hypertrophy, the mortality rate was lowest in this group, implying that LV geometry should also be considered when assessing the effect of LV-GLS on prognosis of patients with HF. We speculated that the development of concentric remodelling/hypertrophy accompanied by the preservation of LV-GLS offers a compensatory mechanism in HF, being associated with a relatively lower mortality rate, but as HF further progresses, the myocardium enters the decompensated stage and eccentric hypertrophy with the substantial decrease in LV-GLS occurs, resulting in a higher mortality risk. Therefore, obesity can play an important role in delaying the transition from compensatory concentric remodelling/hypertrophy with preserved LV-GLS to decompensated eccentric hypertrophy with reduced LV-GLS. This speculation may be supported by previous research reporting that adipose tissue can provide protective benefits by producing soluble tumour necrosis factor-alpha (TNF-α) receptors that neutralise the detrimental effects of TNF-α on myocardial function.[@R18]

Utility of LV-GLS for improved risk stratification in HF {#s4-3}
--------------------------------------------------------

One important, novel finding of our study was that LV-GLS can improve risk stratification in this population beyond the obesity status. OW patients with HF generally had a better prognosis than NW ones, and there was no significant difference in mortality between OW patients with low LV-GLS and NW patients with high LV-GLS. In addition, patients with high LV-GLS had a steeper association compared with those with low LV-GLS, though the difference was not statistically significant between these groups. These findings suggest that more accurate identification of patients with impaired LV systolic function, by using LV-GLS assessment, may help stratify HF populations.

Possible mechanisms for a sex-related difference in the obesity paradox in HF {#s4-4}
-----------------------------------------------------------------------------

Previous studies have suggested that the obesity paradox in HF can differ by sex.[@R5] The obesity paradox in HF seems more prominent in men than in women,[@R10] which supports our findings. Conversely, Vest *et al* [@R5] reported that the significant association of higher BMI with a survival benefit was found only in women. Our study suggests a possible explanation for this; the difference in the proportion of women with myocardial dysfunction included in analyses may affect the study results. According to our findings, the obesity paradox would be more evident in women when a greater proportion of women with higher LV-GLS values is included in the analysis. Although highly speculative, one might anticipate that the effect of efforts to modify BMI may differ by sex and myocardial function and therefore its benefit can be maximised by identifying specific patient subgroups for whom purposeful weight loss will provide the most benefit.

Prognostic value of metabolic health status and its clinical implication {#s4-5}
------------------------------------------------------------------------

Obesity increases CVD risk regardless of metabolic status.[@R21] It has also been suggested that metabolically healthy obesity increases the risk of developing HF in individuals free of CVDs.[@R22] However, the effects of metabolically healthy obesity on prognosis in subjects with CVDs, including HF, remain uncertain. We demonstrated that the mortality risk was significantly lower in patients with metabolically healthy obesity than those with metabolically unhealthy obesity, suggesting that metabolically healthy obesity may have a more protective effect on survival in patients with HF, and therefore, efforts to manage metabolic abnormalities in OW patients with HF may improve prognosis.

Study limitations {#s4-6}
-----------------

First, we used BMI as a parameter of obesity for analyses, which cannot differentiate body fat from muscle mass. Previous studies showed BMI was highly correlated with alternative measures of fat mass,[@R23] and the obesity paradox in HF was present with BMI and body fat.[@R24] In addition, central obesity, which could be evaluated by waist circumference or waist-to-hip ratio, has been reported to be a better predictor of CVDs, such as myocardial infarction and stroke, than BMI. The assessment of central obesity can provide additional prognostic information beyond BMI in HF, as in other CVDs. However, our study did not assess these measures of central obesity, and therefore further studies are warranted to determine the association between central obesity, sex and myocardial function regarding mortality in patients with HF, which will provide additional insight into the obesity paradox in HF.[@R25] Second, we could not assess cardiopulmonary fitness and physical activity. Cardiopulmonary fitness has been reported to be associated with clinical outcomes.[@R26] Physical activity, a prognostic factor in patients with coronary heart disease,[@R28] might have similar prognostic value in patients with HF. Considering all together,[@R30] further studies are needed to assess the effects of sex, myocardial function, fitness and physical activity on the obesity paradox in HF. In addition, we used body weight and height assessed by nurses on admission for our analyses, which might partially reflect volume status, and thus confound our results. Considering that increased volume overload might result in both increased body weight and increased mortality, attenuating the protective association of BMI with mortality, the use of body weight measured on admission would not materially change the major conclusions of the study. As we have enrolled and analysed patients from East Asia, it is uncertain whether our findings could be generalised to other ethnicities. In addition, as we comprehensively investigated the association between BMI and various variables for mortality, there might be a possibility of type 1 errors owing to the large number of possible interaction tests performed. Lastly, we excluded underweight patients to minimise the confounding effects of cachexia or unintentional weight loss due to advanced HF status or other comorbidities on study outcomes. Further studies are needed to explore the association between sex, myocardial function, body mass index and mortality in these patients.

Conclusions {#s5}
===========

In the overall population, the obesity paradox in HF was present irrespective of LV-GLS and LV geometry. In women, the protective association of higher BMI on prognosis of HF was confined to older patients and those with higher LV-GLS, while in men, the obesity paradox was consistently observed across all subgroups. These findings could suggest that sex, age and the degree of myocardial dysfunction can have an influence on the magnitude of the obesity paradox in HF, and thus sex-specific risk stratification of patients with HF, accompanied by accurate assessment of myocardial function, is needed to improve the prognosis. Patients with metabolically healthy obesity had better survival than those with metabolically unhealthy obesity, suggesting prognostic and therapeutic implications of metabolic abnormalities in OW patients with HF.
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